Twenty-three selected advanced spring wheat (Triticum aestivum L.) lines from Ottawa Research and Development Centre (ORDC) were compared with four known cultivars for agronomic performance at eight sites in 2016 (Ottawa CEF-C1, Ottawa CEF-C2, St. Isidore, Harrington, Palmerston, Princeville, Kincardine, Beloeil) in Eastern Canada, and for fusarium head blight (FHB). The reaction of these lines to six races of LR was determined in a growth cabinet and the LR susceptible cultivar 'Morocco' was included as the control for disease development in these trials. The majority of the selected lines showed no significant differences compared to four check cultivars, however ECSW05 and ECSW48, showed higher yield, moderate resistance to FHB and resistance to most of the tested LR races. Lines ECSW05 and ECSW48 will be advanced to grower's trials in eastern Canada in 2018 and may be used as sources of resistance to LR for future cultivar development in Eastern Canada.
Evaluation of Selected Advanced Spring Wheat Germplasm Lines
In Eastern Canada 
Introduction
Wheat (Triticum aestivum L.) is one of the worldwide staple foods in human life. It accounts for almost one-third of global grain production. Given that the world's population continues to grow and that wheat is one of the main crops cultivated in Canada. Wheat breeding programs aim to produce new high-yielding, high-quality cultivars with effective resistance to diseases, especially fusarium head blight (FHB) and leaf rust (LR), which occur annually and can lead to substantial yield losses.
Grain yield is one of the most important characteristics to wheat growers and many breeding programs aim to increase wheat yield in Canada (DePauw et al. 2011 ). Hucl and Baker (1987) found there is a correlation between crop grain yield and biological yield in those later-heading cultivars which had more kernels per spikelet, more total spikelets, and had higher grain yield. In addition, though some cultivars have significantly fewer spikelets per square meter, yet due to their heavier kernels, the crop yield still had increased 25%. (Hucl & Baker, 1987) . They also found kernel weight had a correlation to grain yield by affecting test weight (Hucl & Baker, 1988 ). As we know, test weight represent the average weight of a cereal as measured in pounds per bushel, which is important to yield and flour extraction rate for wheat. The optimal industry standard for test weight is considered to be 55 to 60 lb/bushel (Darby, 2015) . Also breeders have attempted to produce high-yielding wheat cultivars by using spring wheat hybrids, for which mean yields were found to be better than those of all controls (McKenzie & Grant, 1974) . In addition, grain protein is also an important predictor of wheat yield and the optimal content is reported to be 12% to 14% as an industry standard (Darby, 2015) . Bell and Anderson (1984) have studied superior performance of wheat protein in wheat cultivars and found some cultivars had the highest protein digestibility and superior protein rating. However, Löffler and Busch (1982) .reported grain yield has a negatively correlation to grain protein which makes it important to find a way to maintain the protein concentration while improving the yield Apart from plant yield and other plant quality traits, resistance to fusarium head blight, caused by Fusarium graminearum Schwabe, is a key concern. This worldwide wheat disease occurs annually in Canada, causing yield losses by damaging wheat kernels. Every year, scientists use many methods to examine the wheat genome in hopes of identifying the gene segment that confers FHB resistance (Buerstmayr, Ban & Anderson, 2009) . Unfortunately, there have been no explicit results yet, but some correlation between plant height and FHB severity has been reported (Moidu et al., 2015) . In addition, F. graminearum, leads to high concentrations of deoxynivalenol (DON) in wheat kernels, a mycotoxin known to be harmful to humans (Xue, 2012) . There is currently no single way to control FHB, but the use of resistant cultivars with appropriate fungicide application and suitable farming practices can help to overcome outbreaks (Gilbert & Tekauz, 2000) . Leaf rust, caused by Puccinia triticina Eriks., is another worldwide disease that occurs in Canada and can easily be widely disseminated over large geographic areas by winds. In a warm, high-humidity environment, the uredinia erupt easily and release spores that infect wheat, making it difficult to prevent the disease from spreading (Kolmer, 2013) . Annual virulence survey have been conducted on the wheat leaf rust pathogen, Puccinia triticina Eriks., in Canada since 1931 and revealing a diverse and constantly evolving population (McCallum et al. 2016a) , such as in 2010 in which 41 different virulence phenotypes were found (McCallum et al. 2016b ).
The objective of the present study was to evaluate the agronomic performance and susceptibility of selected spring wheat lines to FHB and LR in order to identify the best performers to be evaluated in grower trials. Table 1) . A randomized complete block design was used at all sites with three replicates. Depending on the location, the seeding date varied from April 20 to May 20, and the grain was harvested from late August to early September. Yield, test weight, height, protein content, thousand-kernel weight, days to head and FHB were measured at each site. DON analysis was conducted on 1gm representable samples using the in-house enzyme-linked-immunosorbent-assay (ELISA) procedure as described by Sinha et al. (1995) . 
Materials and Methods

Field Evaluation
12CRF14-29 F5 PL223.C2C F6 / BA83-EC8 / F4 PL249.N1 F5 / BD76A*F0763 12CRF14-94 Glenn / 03TAB86A1 (5V55a1) / HD-22 (GS-0-EM0134) / 03TAB86A1 (5V55a1) 13Bou-64 F4 PL259.B1 F5 / BD76A*F0763 12BW0491 BW450/BD31-7-B-B-PNB-13-N 13BW0426 BW430/BD31-7-B-B-
LR Growth Cabinet Evaluation
A randomized complete block design with four replicates was used to evaluate the susceptibility of the 23 lines against six common races of P. triticina (77-2 TJBJ, 06-1-1 TDBG, 12-3 MBDS, 74-2 MBGJ, Race 1 BBBD, 128-1 MBRJ) provided by Dr. McCallum (Morden Research and Development Centre, 101 Rte 100, #100, Morden, MB, R6M 1Y5), In addition to the four checks (AC Scotia, AC Carberry, Norwell and Sable), a known LR susceptible cultivar 'Morocco' was included as the control for disease development in these trials.
The urediniospores of P. triticina, used as inoculum, were stored in a freezer at −20 °C until use. The experiments were carried out in a growth chamber at a temperature ranging from 16 to 18 °C and 16 hour photoperiod. All test cultivar seeds were sown in 48-cell trays filled with normal soil and placed in a greenhouse. The plants were inoculated with the P. triticina isolates at the two-leaf stage. The inoculum was prepared immediately prior to use by suspending urediospores in a solution of Bayol oil provided by Ottawa Research and Development Centre and then place in the water bath at 45°C for 15 min to revive them. The mixed solution was sprayed with an atomizer (0.5 atm), and the inoculated plants were covered with a black plastic bag for 24 h to create appropriate humidity and encourage the urediospores to infect the plants. The growth chamber was maintained at 50% humidity during the disease development period (12-15 days) and watered every 2 days. Data were collected by rating the infection types described by McCallum et al. (2016) 
Statistical Analysis
Analysis of variance was performed on the data sets using the SAS software program (version 9.1, SAS Institute Inc., Cary, NC), and the least significant difference (LSD) test was used to compare the means when the differences were significant. . Line ECSW72 had the highest thousand-kernel weight (39.9 g), followed by line ECSW69 (39.7 g), and it performed significantly better than AC Carberry, Norwell and Sable (32.9, 34.5 and 34.9 g, respectively) but not differently from AC Scotia (38.6 g). Line ECSW72 performed the best and had the highest mean value for plant height (101.5 cm), which was not different from that of AC Scotia (94.7 cm) but was significantly higher than those of AC Carberry, Norwell and Sable (72.9, 82.5 and 70.5 cm, respectively). The overall results for susceptibility to FHB and LR were presented in Table 4 . In terms of mean values for FHB index, line ECSW69 shows an exceptional FHB resistance (7.8%), and lines ECSW05, ECSW16, ECSW48, ECSW49 and ECSW70 (10.7%, 13.3%, 10.0%, 13.3% and 11.7%, respectively) performed significantly better than AC Carberry, Norwell and Sable (50.0%, 38.3% and 76.7%). As for DON evaluation, the average of DON content among all the tested lines is ranged from 1.4 to 24.0 μg g −1 , and lines that performed the best were 13NQW-979, ECSW48 and ECSW49 (1.5, 1.4 and 1.7 ppm, respectively), their performance being significantly better than Norwell and Sable (8.7 and 24.0 ppm, respectively) but not different from AC Scotia and AC Carberry (4.7 and 5.5 ppm, respectively). The tested lines were most susceptible to leaf rust race 77-2 TJBJ, followed by 74-2 MGBJ, 06-1-1 TDBG, 12-3 MBDS, 128-1MBRJ and Race 1. Several lines, exhibited moderate resistance to the six tested rust races in the growth cabinet environment. Other lines, including 12BW0491 and ECSW48, had better resistance to races 74-2 MGBJ, 06-1-1 TDBG, 12-3 MBDS, 128-1MBRJ and Race 1, but lower resistance to race 77-2 TJBJ. Line 13NQW-454 showed higher resistance to 77-2 TJBJ, 12-3 MBDS, Race 1, 128-1MBRJ and 06-1-1 TDBG, however it has a lower resistance to race 74-2 MGBJ. Line ECSW05 showed higher resistance to 06-1-1 TDBG, 12-3 MBDS, 128-1MBRJ and Race 1, but has lower resistance to races 77-2 TJBJ and 74-2 MGBJ.
Results
Generally, results from
The correlations between yield, test weight, thousand-kernel weight, days to head, plant height, protein and FHB was shown in Table 5 . The result shows that plant test weight, thousand-kernel weight and height have significant negative correlation with both FHB index and protein percent. In addition, yield does not have significant correlation with DON, but had a significant negative correlation with FHBi. 
Discussion
This study was carried out at eight test sites to evaluate the performance of 23 selected advanced wheat lines for yield, test weight, thousand-kernel weight, heading date, height and protein. However, due to the extreme outliers in some sites which represent the average values for ECAD lines among the test sites in Table 3 , it can be highly possible that this effected the values shown in Table 2 . For example, the high yield and days-to-head values for the Beloeil sites in Table 3 could explain the high per-line yield and days-to-head estimates shown in Table 2 . Taking this situation into consideration, the values of yield and days-to-head for the ECAD lines would possibly be much lower than their estimated value shown in Table 2 .
This FHB resistance experiment demonstrated that the ECAD lines showed moderate resistance to fusarium spores and performed very well compared to the checks. A negative correlation was observed between plant height and FHB morbidity which is similar to a previous study reported by Moidu et al. (2015) . In addition, race 77-2 TJBJ showed the highest damage to wheat leaves among all LR races in the LR inoculation test, similar to what was reported by Chen et al. (2015) .
Based on the overall results, several tested lines not only showed their improvement in agronomic performance but also outperformed the selected commercially available cultivars. The observed scores of FHB ranged from immunity to high susceptibility with LR scores ranging from nearly immune (0) to very susceptible (4). Lines ECSW05 and ECSW48 not only had reasonable yields but also showed moderate resistance to FHB and were resistant to the tested LR races, which suggests that they should be evaluated further at sites across the country to test their response to FHB and LR under different environmental conditions. In addition, the climatic factor also needs to be considered since FHB and LR can be affected by the environment. Therefore, for more precise knowledge of test lines field performance under different environmental conditions the test lines will be evaluated further in the coming years.
